Urban areas are rapidly developed to accommodate the demand for residential, commercial and institutional purposes. These circumstances initiate to clear most of vegetated areas in the city. The aim of this study is to investigate the effects of land use changes on the surface temperature of National Botanic Garden, Shah Alam and the surrounding areas. Specific objectives are to generate land use/land cover maps of two different dates, to generate the land surface temperature maps and to investigate the impact of land use changes of the surface temperature distribution of the study area. Remote sensing and geographical information system (GIS) techniques are used to detect the land use changes and its impact on the land surface temperature (LST). Land use maps of two different dates are derived from Landsat images of 1991 and 2001. Results obtained have shown that the LST of different land use differ significantly. This study demonstrates that rapid urban growth significantly decreases the vegetated areas, hence increased the surface temperature and modified the urban microclimate.
Introduction
Rapid urbanization has led to the decrease in greenery areas in cities. The changes in land use/cover include loss of agricultural lands, loss of forest lands, increase of barren area, increase of impermeable surface of the area because of the built up area (Kumar et al, 2012) . This contributes to the increase of urban heat island (UHI) phenomenon in urban centres (Takeuchi et al, 2010 ). An UHI is a climatic phenomenon in which urban areas have higher air temperature than their rural surroundings (Shahmohamadi et al, 2011) . Due to population increase and growth of urban areas, the vegetated landscape is undergoing unwanted changes. Built-up of such excess heat in the urban areas is due to the reductions of vegetative covers and increase in the built-up surfaces such as concrete and asphalt. The high energy consumption, increased land surface coverage by artificial material with high heat capacities, and permeable surfaces absorb heat during daylight caused the UHI phenomena.
Landsat 5 TM and Landsat 7 ETM+ are widely used to monitor the land use changes, and to model the biophysical characteristics of the earth surfaces. The thermal infrared band of the Landsat imagery is capable of deriving the surface temperature. A study by Mallick et al. (2008) used Landsat 7 ETM+ to estimate radiation budgets in heat balance studies and as a control for climate models. The knowledge of surface temperature is important to a range of issues and themes in earth sciences such as urban climatology, global environmental change, and human-environment interactions.
Previous researchers (Alavipanah et al, 2007; Weng, 2001; Choi et al, 2012; Elsayed, 2003 and Susca et al, 2011) used the remotely sensed images such as Landsat image to generate the land use map, to monitor the land use changes and to generate surface temperature map. According to Takeuchi et al. (2010) , currently more green spaces, forest and unused lands have been converted into commercial and business centres, government offices, residential areas and public amenities. In Malaysia, the most significant land use changes occurred in the Klang Valley Region. Land use changes monitoring can be considering as an alternative good governance to administrator in order to implement sustainable development (Zurina & Hukil, 2012) . Previous studies clearly demonstrated that the implication of rapid urban growth is the decrease in the vegetated areas, the increase of the surface temperature and hence modified the urban microclimate.
Study Area
The study area include the area within the boundary of National Botanic Gardens Shah Alam (3°N Latitude and 101°E Longitude), formerly known as 'Bukit Cahaya Sri Alam Agricultural Park' and its surrounding area. The National Botanic Gardens Shah Alam is a forest reserved and protected area is considered as urban forest. The climate of Shah Alam is categorized as a hot and humid tropical climate which is warm and sunny with abundant rainfall, especially during the northeast monsoon seasons from October to March. Temperatures tend to remain constant with maximum values of between 31°C and 33°C, while the minimum temperature range between 22°C and 23.5°C. Relative humidity is around 72-78%, and the annual rainfall is about 3300 mm. The geographical location of the study area is shown in Figure 1 . 
Methodology
The methodology for this study involves four (4) phases: 1) data acquisition 2) data processing which includes image geo-reference, subset the multispectral and thermal infrared bands and image classification, and 3) LST retrieval and 4) data analysis. For this study, only two satellite images (i.e.; Landsat 5 TM and Landsat 7 ETM+) are used to generate the land surface temperature maps. The LST is calculated using Planck's equation and the atmospheric effect is not considered in this study.
Data Acquisition and Data Processing
Landsat 5 satellite image of 1991 is downloaded from USGS Earth Explorer website while the Landsat 7 ETM+ image is acquired from Malaysian Remote Sensing Agency (ACRS). These two satellite images are chosen to differentiate the land use changes over a period of 10 years. The land use/land cover maps of these two dates are generated from these two images in the Erdas Imagine digital image processing software. The six land use/land cover types identified from these two Landsat images are; (1) water bodies, (2) forest, (3) agriculture (rubber trees, palm oil, crops), (4) vegetated areas (including parks and bushes), (5) built-up area (commercial, residential and administrative building), and (6) barren-land (bare soil).
The unsupervised classification method is used to generate land use/land cover maps. Unsupervised classification method provides the interpretation and estimation for the remote sensing image data without any prior knowledge of the ground truth. All images are process and projected to Revised Skew Orthometric (RSO-Kertau Malaya) coordinate system. First-order polynomial is used to rectify the image and the root mean squares error (RMSE) is found less than half the pixel size. The percentage of different land use/land cover classes is then calculated.
Retrieval of Land Surface Temperature
The thermal infrared band (Band 6) records the radiation with spectral range between 10.4 and 12.5 m from the surface of the earth (Liu & Zhang, 2011) . Land surface temperature plays an important role in many environmental processes. It can provide primary information on the surface physical properties and climate. For example, the TM thermal infrared data is effectively use to observe in mesoscale temperature differences between urban and rural areas in Indianapolis (Weng, 2001) . In most National Botanic Garden Shah Alam, Selangor Selangor District studies, LST is generated using the digital image processing software and later process in a GIS software. This study integrates the ERDAS Imagine 9.1 and ArcGIS software to generate LST maps. 
Data Analysis
The data analysis stage involves the computation of area coverage of the land use/land cover for the two different dates, the computation of surface temperature distribution of each land use/land cover types and the generation of LST transect profiles. Although LST maps of two different dates are generated, profiles of LST map or year 2001 are used. The generation of surface temperature maps and the extraction of profiles are carried out in the ArcGIS software.
Results and Discussion
The results of this study is presented in three main sub-sections i.e. land use/land cover maps, land surface temperature distribution and the LST transect profile of the study area.
Land Use/Land Cover Maps
The land use/land cover maps generated from the Landsat images of 1991 and 2001 are shown in Figure 2 . The total area of interest (AOI) is approximately 3022.61 hectares. The detail acreage of the land use/land cover of the study area is listed in Table 1 . The total area covered by forest area for the year 1991 and 2001 are approximately 40% (i.e. 1220.37 hectares) and 35% (i.e. 1059.83 hectares) respectively. Agriculture areas are found to be significantly reduced i.e. from 27% (801.82 hectares) to 15% (460.54 hectares) within the ten (10) years period. The built-up areas (commercial, residential and administrative building) increased from 13% (396.34 hectares) to 23% (704.37 hectares). The total areas of barren-land slightly increased from 11% (324.16 hectares) to 13% (400.84 hectares). 
Land Surface Temperature Distribution
To present the land surface temperature distribution, maps of the temperature distribution of different land use/land cover types are generated. Three profiles across the study area are generated to show the temperature variations of land surface temperature.
Temperature distribution of land use/land cover types
The thermal infrared band is converted to spectral radiance and brightness temperature in the ArcGIS software. The LST maps are shown in Figure 3 . From the LST map, it can clearly be seen that the highest temperature are in the built-up areas and other impervious areas, while the lower temperatures are in the forested or vegetative areas.
Based on Figure 3 a) (i.e. LST map of 1991) shows that, the lowest radiant temperature is 25°C in the forest area and the highest radiant temperature is 32°C in the built-up area. However, in the LST map of 2001 the lowest radiant temperature range 24°C to 31°C. In this study, no attempt is given to compare The lowest radiant temperature (average) in 1991 is observed in forest area (25.88°C), followed by agriculture (26.58°C), vegetation (27.06°C) and water bodies (28.30°C). This pattern is primarily attributed to the solar illumination, the state of vegetation, and atmospheric influences on the Landsat TM and ETM+ datasets. The Landsat images are taken in two distinctive monsoon, i. The natural vegetated area such as forest and agriculture area still show a considerable lower radiant temperature in both years, because dense vegetation can reduce the amount of heat stored in the soil and surface structures through evapotranspiration. The textures of land cover include land use types, changes in land use and land cover can have profound effects on the surface radiant temperature.
LST Transects Profile
Figures 4, 5 and 6 show the transect profiles generated across the study area. The results obtained have shown that the mean surface temperature in the vegetated areas is much lower than the built-up areas. As shown in Figures 5 and 6 , the temperature cross section profiles gradually changes from the vegetated or forested area and built-up area. This clearly shows that vegetation has strong influence on the temperature of built-up area. The further away the built-up areas from the vegetated or forested areas the higher the surface temperature. However, as shown in Figure 5 , vegetation regulates the radiant temperature in zones up to 100 metres from built-up areas depending on type and density of vegetation. In addition, water body also helps lowering the surface radiant temperature. As shown in Figure 6 and Figure 7 , the differences in surface radiant temperature between built-up areas and vegetated areas can reach 5°C. 
Conclusion
Landsat 5 TM and Landsat 7 ETM+ are use to monitor the land cover changes, and to analyze the spatial distribution of land surface temperature. The land use/land cover of the study area is classified into six classes i.e. land covers; water bodies, forest, agriculture, vegetations, built-up area, and barren land. Due to urban growth of the Shah Alam City, there have been significant changes in the land use/land cover of the study area. There have been significant decreased in the forest and agriculture areas. The result also shows that LST and thermal signal of built-up areas and barren land has increase the radiant temperature. The vegetative areas can provide positive impacts on regulating high temperature in urban areas. An initiative to replace of loss of natural green spaces is a must in new urban development. Thus, this study could provide an insight on the effects of vegetation on surface temperature of built-up areas and could assist decision makers or planners to better plan future development.
